Abstract. Galectin 9, a ligand of T cell immunoglobulin and mucin domain 3 (TIM-3), and PINCH, an epithelial-to-mesenchymal transition (EMT)-promoting molecule, are expressed at much higher levels in cancerous lesions of clear cell type renal cell carcinoma (RCC) compared to normal renal tissues, and their expression levels are extremely low in normal tissues, except for galectin 9 in the spleen. Galectin 9-and PINCH-derived peptides have previously been shown to induce human leukocyte antigen (HLA)-A*2402-restricted and HLA-A*0201-restricted cytotoxic lymphocytes (CTLs) with specific and highly cytotoxic activities toward RCC cells. The present study aimed to identify the peptides that induced HLA-A*33-restricted CTLs that exhibited specific and highly cytotoxic activities toward RCC cells. Specific CTLs were induced significantly, as shown by cluster of differentiation 107a degranulation stimulated with VMRC-RCW renal carcinoma cells. Therefore, peptide vaccines targeting galectin 9 and PINCH appear to be promising for clinical application.
Introduction
Thus far, the main drugs for treating metastatic renal cell carcinoma (RCC) patients are molecular targeting drugs, including tyrosine kinase and mammalian target of rapamycin inhibitors. However, immunotherapy using interferon has been shown to be extremely effective at achieving complete remission (CR), although the response rate was as low as 15.9 and 1.8% for partial remission (PR) and CR, respectively (1) . A Japanese multi-center study reported that RCC patients with lung metastases exhibited a survival benefit from cytokine therapies (2) . Thus, it is believed that RCC-specific antigens exist and that cytokine therapy causes clear responses at times when specific anti-tumor immunity is acquired.
By screening an expression library of RCC with the sera of cytokine therapy responders, two antigens were identified, galectin 9 and PINCH, which reacted with the sera of patients with metastatic RCC that responded extremely well to cytokine therapy. Our previous study considered the ability of cytokine therapy responders to acquire specific cancer immunity with specific antibodies (3). Galectin 9 is a ligand of one of the immune checkpoint molecules, T cell immunoglobulin and mucin domain 3 (TIM-3), that suppresses T-cell activity (4) and PINCH is an epithelial-to-mesenchymal transition (EMT)-promoting molecule (5) that contributes to apoptosis resistance in cancer cells (6) . These two antigens appear to promote cancer cell survival and thus are good immunotherapy targets. Using peptides derived from these antigens, our previous study induced human leukocyte antigen (HLA)-A*2402-restricted and HLA-A*0201-restricted cytotoxic lymphocytes (CTLs) with specific and highly cytotoxic activities toward RCC cells, which indicates that immunotherapy targeting these antigens is promising (3).
Together with HLA-A*2402 and HLA-A*0201, HLA-A*33 is a significant HLA type present in <20% of Japanese. The aim of the present study was to identify the peptides that abundantly induced HLA-A*33-restricted CTLs that exhibited specific and highly cytotoxic activities toward RCC cells. 
Materials and methods

Materials
Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from cultured cells using RNAqueous™ purchased from Ambion, Inc. (Austin, TX, USA) and 0.2 µg of total RNA was used as a template for RT-PCR. The set of primers used for galectin 9 were F: 5'-ATG GCCTTCAGCGGTTCCCAG-3' and R: 5'-CTATGTCTGCAC ATGGGTCAG-3'; and for PINCH were F: 5'-AAGATAATT CGCAGTGATGTGAA-3' and R: 5'-GTAGATCAAGACAAG TAATGTTG-3'. PCR for galectin 9 was performed using the following temperature conditions: Denaturing, 94˚C; annealing, 65˚C; and polymerization, 72˚C. For PINCH, the temperature for annealing was 55˚C. The PCR reactions for galectin 9 and PINCH included 30 and 33 cycles, respectively. Glyceraldehyde 3-phosphate dehydrogenase (G3PDH) expression was used as an internal control.
Determination of HLA typing. HLA typing of volunteer blood and cell lines was analyzed and determined by SRL, Inc.
(Tachikawa, Japan) using the PCR-sequencing based typing method.
CTL induction with peptides. The amino acid sequences of the candidate peptides were determined using the 'Bioinformatics and Molecular Analysis Section (BIMAS; National Institutes of Health) software for HLA peptide binding predictions' (BIMAS, Bethesda, MD, USA). The galectin 9-derived peptide, DIAFHFNPR, was designated as 9m57 and the PINCH-derived peptide, DIGFVKNAGR, was designated as 10m106. Peripheral blood mononuclear cells (PBMCs) (3x10 6 cells/well) from HLA-A*3303 healthy donors were isolated using Ficoll-Paque Plus and cultured with RPMI-1640 containing 10% human AB type-serum, 50 U/ml of penicillin, 50 µg/ml of streptomycin and 5 µM of the peptide in a 24-well plate. One week later, stimulator cells (that is antigen presenting cells; APCs) of the same HLA type (RBRC-HEV0091) were pulsed with the peptides at 3 µM and treated with irradiation (80 Gy), and the PBMCs were stimulated by co-culturing with the APCs at a responder/stimulator ratio of 5:1. Two days after stimulation, 20 IU/ml interleukin-2 (IL-2) was added. Subsequently, half of the medium was changed with new medium containing 40 IU/ml IL-2 every two days. Stimulation with the peptide-pulsed APCs was repeated every 10 days for a total of 4-5 times. At the final stimulation, CD8 + cells were isolated using the Human CD8 T-Lymphocyte Enrichment set and stimulated with the peptides-pulsed APC. Five to six days later, the CD8 + cells were subjected to the 51 Cr-releasing assay.
51 Cr-releasing assay. Target cells (1x10 6 cells), including VMRC-RCW, TUHR-14TKB, PK-45P, NEC8 and UM-UC-3, were labeled with 50 µCi 51 Cr for 1.5 h at 37˚C and washed with RPMI-1640 three times. Subsequently, 2x10 4 51 Cr-labeled target cells were cultured with effector cells at effector cell:target cell (E:T) ratios of 1:1, 3:1 and 10:1 at 37˚C for 4 h in a U-shape bottom 96-well plate. Following incubation, the plate was centrifuged at 400 x g for 5 min and the supernatants were subjected to measurement with a γ-counter. The assays were performed in triplicate and the values represent the mean ± standard error.
CD107a staining and flow cytometry analysis. CTLs (3x10 5 cells) were incubated with VMRC-RCW target cells or NEC8 control cells at a ratio of 3:1 for 2.5 h at 37˚C in medium containing FITC-conjugated anti-CD107a antibody. The cells were subsequently labeled with APC-conjugated anti-CD8 antibody, washed and analyzed using a BD LSR II flow cytometer (BD Sciences).
Results
RNA expression of galectin 9 and PINCH in cancer cell
lines. Galectin 9 was expressed in the renal cancer cell lines, TUHR-14TKB and VMRC-RCW, and the pancreas cancer cell line, PK-45P. No expression was detected in the other cancer cell lines, such as UM-UC-3 and NEC8. PINCH was expressed in TUHR-14TKB, VMRC-RCW, PK-45P and UM-UC-3 cells, whereas it was not expressed in the testicular cancer cell line, NEC8 (Fig. 1) . acid sequences of the candidate peptides for CTL induction were determined using a database named the 'BIMAS software for HLA peptide binding predictions'.
HLA-A*33-restricted CTLs induced by peptides to galectin 9 and PINCH exhibit antigen-specific and highly cytotoxic activities toward the VMRC-RCW RCC cell line. The amino
Antigen-specific and HLA-A*33-restricted cytotoxicities of the CTLs induced by the galectin 9-derived peptide, DIAFHFNPR, designated as 9m57 and the PINCH-derived peptide, DIGFVKNAGR, designated as 10m106, are shown in Fig. 2A CD107a degranulation was observed by co-culturing with VMRC-RCW cells in CD8 + T cells (CTLs) that were induced by the peptides for galectin 9 (9m57) and PINCH (10m106) (Fig. 2C and D) . Co-incubation with the control NEC8 cells did not cause CD107a degranulation.
Discussion
RCC has been considered to be immunogenic, as in extremely rare cases metastatic lesions spontaneously regress following the removal of the primarily involved site, and the phenomenon is presumed to be a result of an immune response. Thus, prior to the present era of molecular targeting drugs, cytokine therapy had been widely chosen and demonstrated to achieve results, although the response rates were low (1, 2) .
Peptide vaccines that are aimed for specific immunotherapy showed limited clinical effects on metastatic RCC (7) (8) (9) (10) (11) (12) . One possible explanation is that the targeting tumor antigens used were not capable of inducing strong CTLs, which possibly results in the existence of other antigens playing more central roles in cancer immunity.
Our previous study screened an expression library of RCC using the sera of cytokine therapy responders as a probe, as it was considered that those responders acquired specific and strong immunity against RCC. Through this screening, two novel antigens of RCC were identified: Galectin 9 and PINCH (3). Galectin 9 is a ligand of the immune checkpoint 
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protein TIM-3 that suppresses T-cell activity (4) and PINCH is an EMT-promoting molecule (5) that contributes to apoptosis resistance in cancer cells (6) . Functionally, these two antigens appear to be good immunotherapy targets. Peptides derived from these antigens induced CTLs of HLA-A*2402 and HLA-A*0201, which showed highly cytotoxic activities toward RCC cells of the corresponding HLA-A (3).
Recently it was demonstrated that cancer cells exploit immune checkpoint molecules that mediate suppressing signals of immunity to escape from the immune surveillance system, and drugs (antibodies) targeting these checkpoints molecules, including CTL-associated protein 4 (CTLA-4), programmed cell death protein 1 (PD-1) and programmed death-ligand 1 (PD-L1), have been developed (13) . In RCC, clinical studies on nivolumab (BMS-936558), an anti-PD-1 antibody (14, 15) , and MPDL-3280A, a humanized monoclonal antibody against PD-L1 (15), have been reported. Among these immune checkpoint inhibitors, nivolumab achieved 27% of the response rates (PR + CR) in treating RCC (14) .
Increasing attention has been paid to TIM-3 as a third immune checkpoint receptor following PD-1 and CTLA-4. TIM-3 binds to its ligand, galectin 9, resulting in T-cell suppression (4) . Combination therapy of anti-TIM-3 antibody with anti-CTLA-4 and anti-PD-1 antibodies showed clear and additive efficacy in animal experiment models (16) . In the present study, overexpression of galectin 9 in RCC is notable as CTLs induced by galectin 9-derived peptides attack RCC and also remove the immunosuppressive control by immune checkpoints.
Together, the peptide vaccines targeting galectin 9 and PINCH appear to be promising and further studies examining their clinical use are necessary.
